It is now well known that surface alloying caused improvement in the mechanical/chemical properties of near surface regions of materials. In the present study, surface alloying treatment with boron, vanadium and iron on the AISI 1020 steel was realized by the technique of TIG welding. Ferrous boron, ferrous vanadium and Armco iron were used for surface alloying treatment. Before the treatment, ferrous alloys were ground and sieved to be smaller than 38 µm. The powders were mixed to be composed of Fe15−xVxB5, where x = 1, 3, and 5 (by at.). Prepared powders were pressed on the steel substrate and melted by TIG welding for surface alloying. Coated layers formed on the steel substrate were investigated using scanning electron microscopy, X-ray diraction analysis and Vickers microhardness testers. It was shown that the surface alloyed layer has a composite structure including steel matrix and eutectic borides. Wear tests of the surface alloyed AISI 1020 steels were realized against WCCo ball using ball-on-disk method.
Introduction
The hard facing alloys obtained using high-energy density sources such as electron beam welding, plasma arc, and laser have been widely applied to enhance the wear and corrosion resistance of material surface [15] . The gas tungsten arc welding (GTAW) process (also called TIG welding) is used when a good weld appearance and a high quality of the weld are required. In this process, an electric arc is formed between a tungsten electrode and the base metal. The arc region is protected by a kind of inert gas or a mixture of inert gases. The tungsten electrode is heated to temperatures high enough for the emission of the electrons necessary for the operation of the arc [6] . Vanadium and iron are a strong boride--forming element, which forms stabile borides like FeB, Fe 2 B, VB, V 2 B 3 , etc.
[711]. These compounds have high melting temperature, hardness and wear resistance like Zr, Ti and Cr borides [79] . While there is a great deal of study about surface hardening processes of vanadium--containing steel and alloys [8, 1012] , there is not enough study about the FeVB alloys used for surface alloying treatments.
In this investigation, GTAW process is used as a high energy density beam to form a high vanadium FeVB hard surface above the AISI 1020 steel with a powder mixtures consisting of ferrous vanadium, ferrous boron and iron. Main objective of the study is wear properties of the surface alloyed steels with Fe 15−x V x B 5 , where x = 1, 3 and 5 (by at.) alloy against WCCo. * corresponding author; e-mail: sdmnsen@sakarya.edu.tr
Experimental procedure
The substrate material for the welding surface was prepared from AISI 1020 steel plates. Before welding, these specimens were ground and cleaned with acetone to remove any oxide and grease and then dried with compressed air. The nominal composition of ferrous vanadium alloys used in the study (wt%) was as follows: 79.27% V, 0.21% C, 0.95% Al, 0.98% Si, and balance Fe. Ferrous boron and vanadium were grounded by ring grinder and sieved to be 38 µm particle sizes.
Ball-on-disk arrangement was used for friction and wear test. The WCCo ball, 10 mm in diameter, was used in the wear test. The WCCo ball has mirror like surface nish. Most of the materials are encountered with ambient temperature and humidity in the industrial applications. Therefore, the friction and wear tests were carried out at room temperature (21 ± 3
• C), relative humidity being 64 ± 5 conditions. Wear tests were carried out under the loads of 2.5, 5, and 10 at 0.1 m/s sliding speed. Mean Hertzian contact pressures [13] calculated for WCCo ball under the loads of 2.5, 5, and 10 N are 410, 520, 650 N/mm 2 , respectively. Knowing that, the compressive yield strength of WCCo ball is 4510 MPa.
Results and discussion
Surface alloying modication by ferrous boron and ferrous vanadium ller alloys was realized by means of TIG welding. In the process, a thin surface layer of the base metal were simultaneously melted together with ferrous alloys and then rapidly solidied to form a dense coating bonded to the base metal. Surface alloyed layer consists of iron, boron and vanadium. The thickness of the hard-faced layer ranged from 2 to 3 mm. The melted surfaces of the surface alloyed steel have smooth and rippled surface topography.
The phases formed in the surface alloyed layer consist of Fe 4 V, Fe 2 B, and VB phases. Microstructural examinations of the alloyed surface layer showed that three distinct regions took place on the cross-section of the surface alloyed steels which were alloyed layer consisting of boride phases near the grain boundaries of steel matrix. As shown from Fig. 1 the increase of vanadium content in the alloy composition caused the increase of boride phases which took place in the alloyed layers. As seen in Fig. 1 , borides formed in the in situ composite structure found in the alloyed layer include primary borides and steel matrix between borides. The results are supported by phase diagram of BFeV [13] . Some parts of the alloyed layer have much more dense boride phase in the alloyed layer as seen in Fig. 1 . It is possible that these parts of the alloyed layer consist of VB and Fe 2 B phases which were detected by XRD analysis. Eroglu [14] and Bourithis and Papadimitriou [15] studied the boron addition to the steel surface for surface alloying and they explained that the borides formed in the alloyed layer realized close up the grain boundaries.
The hardness of the boride phases and matrix of the alloyed layer and steels' un-coated layer are 1621 ± 20 HV 0.01 , 180 ± 21 HV 0.01 and 155 ± 15 HV 0.1 , respectively. As known, the hardness of the boride phases is changing in the range 16005000 HV [16] . Figure 2a shows the variation of friction coecients as a function of applied load with dierent alloyed layers against WCCo ball at the sliding speed of 0.1 m/s for 250 m sliding distance. It is clear from this gure that the eect of the vanadium content and applied load on the friction coecient does not have an important eect. As shown from the gure the increase in vanadium content caused , alloys for x = 1, 3 and 5 against WCCo ball. As shown from the gure, the increase in applied load caused the increase of wear rate for all alloy compositions. The Archard equating shows that increasing load reasoned the increase of wear rate [17] . As shown from the gure, increase in vanadium content in the alloy composition caused the decrease of the wear rate according to applied load. As described previously, increase in vanadium concentration in the alloy composition caused the higher content of the boride phases in the surface alloyed layers. Increase in the vanadium content in the alloy composition from 5% to 25% caused to decrease the wear rate between 15% and 67% according to applied load. However, load is eective parameter in the wear test which is caused to increase the wear rate between 718% and 3894% according to vanadium content of the alloys.
Some scung, abrasive scratches and its deep grooves and some smeared oxidative zones were realized on the wear track. WCCo ball is a famous abrading counterface for the tribological applications [18] . In general, WCCo is used for the abrasive applications and machining process of the metals in industry. The wear mechanism was abrasive-oxidative.
1. It has been proven that surface alloying treatment of AISI 1020 steel using Fe 15−x V x B 5 alloys for x = 1, 3, and 5 was realized by TIG welding.
2. Surface alloyed layer consists of iron, boron, and vanadium conrmed by EDS analysis and the melted surfaces of the surface alloyed steel present a smooth and rippled surface topography.
3. Hard faced layers of the steel consist of Fe 4 V, Fe 2 B, and VB phases.
4. Increase of the vanadium content in the alloy composition caused to increase of boride phases formed in the alloyed layers.
5. The hardness of the boride phases and matrix of the alloyed layer and steels' un-coated layer are 1621 ± 20 HV 0.01 , 180 ± 21 HV 0.01 and 155 ± 15 HV 0.1 , respectively.
6. The eect of the vanadium content and applied load on the friction coecient of the surface alloyed layers against WCCo does not have an important effect.
7. Increase in applied load on the wear test caused the increase of wear rate for all alloy compositions and increase in vanadium content in the alloy composition caused the decrease of wear rate according to applied load.
8. SEM and EDS analysis showed that the wear mechanism of the surface alloyed steel with Fe 15−x V x B 5 , alloys against WCCo was abrasive and oxidative.
